This paper evaluates the strength of community pressure and pollution charge on industrial pollution control in China and estimates the marginal pollution abatement cost. A well documented plant-level data set is examined and combined with a community-level data set, which allows for a careful assessment of the impact of pollution charge instrument and community pressure on industrial behavior in China. An industrial organic water pollution discharge model is constructed and estimated for those plants which violate pollution discharge standards and pay pollution charges and are constantly under pressure for further pollution abatement from the communities. Implicit prices for pollution discharges from community pressure are instrumented and estimated with the discharge model, which is jointly determined by the explicit price, the pollution levy. The estimated implicit prices are then compared with the explicit prices, and it is found that the implicit discharge price is at least as high as the explicit price, which implies that community pressure exists and it can be as strong as the pollution charge in providing incentives for industrial firms to control pollution in China. The pollution discharge modeling approach employed in his study also provides a way for estimating marginal pollution abatement cost. The empirical results show that the current level of marginal abatement cost is about twice of the effective charge rate in China.
informal regulation on those firms which are violating effluent concentration standards is at least as strong as the pollution charge instrument which is imposed on the violators in China.
With the same pollution discharge model, this study also provides an assessment of the impact of China's pollution charge on industrial organic water pollution discharge. China's pollution charge system has been widely implemented for about 20 years. Almost all of China's counties and cities have implemented the levy system, and approximately 500,000 factories have been charged for their emissions. Despite certain weaknesses in the pollution levy system, it remains by far the largest application of a market-based regulatory instrument in the developing world. And in sheer magnitude, the current Chinese system may be without peer in the world. However, this system was not systematically evaluated until recently. With plant-level and province-level data, Wang and Wheeler (1996 &1999) did econometric analyses of levy system enforcement and plants' responses to the variance in the effective levy rate. These analyses have shown that the local enforcement of the levy system has been driven by local socio-economic and environmental status and that industrial firms do respond to the levy rate changes. Due to data limitations, however, levy price indices constructed in these studies did not match very well with the levy formula employed in practice, nor well fit with economic theory in terms of the consistency of the demand variable and the price. This prevented the econometric analyses from being a rigorous quantitative estimation of the price elasticity of pollution discharge.
This study employs a data set with detailed information on levy collection. A discharge function of organic water pollution -chemical oxygen demand (COD) can be constructed and estimated with a marginal levy price of COD which matches both the economic theory and the levy practice in China. An implicit price index for pollution discharge is also constructed and instrumented in this estimation, which should be able to provide a more accurate estimation of the price elasticity of COD discharge. Analyses conducted in this study show that the pollution charge is only one part in the marginal penalty of pollution discharge in China. The levy price is about half of the total discharge price which equals the marginal penalty. For a firm minimizing the total cost, the marginal abatement cost should be equal to the total discharge price, which is about twice of the levy price in China.
The estimation of the pollution discharge demand function in this study also provides a unique estimation of marginal pollution abatement cost. Two empirical models have been previously employed in estimating marginal pollution abatement cost. The total factor productivity approach estimates a total cost function which combines both production cost and pollution control cost. The marginal cost of pollution abatement can be derived by taking the derivatives of the total cost with respect to a specific pollutant. This marginal cost estimation takes into consideration of pollution reduction both in the production process and the end-of-pipe treatment. However this method has been rarely used because of heavy data requirements. Another method that has been used is the endof-pipe treatment approach which estimates an end-of-pipe treatment cost function. A marginal abatement cost can be estimated by taking derivatives of the abatement cost with respect to a pollutant. This approach only considers the pollution abatement option with the end-of-pipe treatment.
The demand function approach to marginal abatement cost estimation, employed in this study, requires information on prices of pollution discharges. Just as the total factor productivity approach, this approach can provide a correct estimation of industrial firms' pollution abatement costs which takes into consideration both the production process and the end-of-pipe treatment. To author's knowledge, this is the first empirical estimation of pollution abatement cost with a pollution discharge function. This paper is organized as follows. The next section provides further background information about the pollution control practices of those Chinese industries which have to pay a uniquely designed fee for pollution discharge and are also under constant pressure of other formal and informal pollution control measures as well. Section III presents the model for pollution discharge where firm characteristics, input prices, community pressure and formal regulation are identified as the major determinants. Data and variable descriptions are presented in section IV, and section V provides estimation results. Section VI concludes the paper.
II. Institutional Background
Chinese industry has been fast growing in the past two decades with an average annual increase rate about 15%. While about 50% of the total value of output comes from those industries established originally by farmers, which are mostly privately owned, a significant portion of the industry, especially those large firms, are state-owned enterprises (SOEs). Those state-owned enterprises face imperfect market competition. The prices of the outputs are partly regulated by the government even though recent reforms have brought more autonomy to the SOEs. While plant managers' incomes are more and more correlated with the economic performances of the plants and it is in most plant managers' interests to maximize profits, firms are facing constraints additional to those set by the market in their practices of minimizing the total costs. One example is the target of minimum values of output set by the government for some plants.
There are a set of pollution control policy instruments applied to Chinese industries 2 . The central government set up the general requirement of regulation according to the environmental laws, and it has been the local governments' responsibility to enforce and improve the regulations set by the central government. There are command-and-control approaches such as the requirement of environmental impact assessments for new construction projects and the requirement of design, construction and operation of pollution treatment facilities simultaneously with the construction or expansion of industrial production facilities. After the production processes are in place, the emission standards and effluent concentration standards apply. for air pollution, water pollution, solid waste, and noise. In 1996, the system was implemented in almost all counties and cities. A total of 4 billion RMB's ($1 = 8RMB) were collected from about half a million industrial firms. Numbers are increasing each year.
There are some unique features associated with the charge system. For wastewater, this system only imposes charges on the pollutants over the standard 4 , among which, only the pollutant which violates the standard the most enters into the calculation of the total levy fee. In other words, fees are calculated for each pollutant in a discharge stream and the polluter only needs to pay whichever amount has the highest value among all the pollutants. The Chinese central government constructs a uniform fee schedule, however the implementation in different regions is not uniform 5 .
The levy collected is used to finance environmental institutional development, administration and environmental projects and to subsidize firms' pollution control projects. If a firm, who pays levies to the levy fund, decides to invest in pollution abatement, a maximum of 80% of the levy paid by the firm can be used to subsidize the investment project proposed by the firm. To make the levy collection effective, a schedule of penalties is also specified 6 . Penalties can not be used to subsidize firm-level pollution control projects. Although studies have been conducted to reform the levy system with most analysts recommending raising China's pollution charge rate (SEPA, 1998), few empirical analyses have actually investigated polluters' response to the existing charges. In Wang and Wheeler (1996) , province-level data on water pollution was analyzed and it was determined that China's levy system had been working much better than previously thought. Provincial variations in the enforcement of the levy appear to reflect the local valuation of environmental damage and community capacity to enforce local norms. The results suggest that province-level pollution discharge intensities have been highly responsive to provincial levy variations. With a joint plantlevel and city-level data set, Wang and Wheeler (1999) Studies have shown that these complaints have significantly increased the numbers of inspections (Dasgupta et al. 2000) and increased the effective rate of pollution charge (Wang and Wheeler, 1999) , and have contributed to pollution reduction especially for air (Dasgupta and Wheeler, 1996) .
III. Model
Models estimated in this study can be derived directly from the general assumption that firms are minimizing the total cost 7 . Assuming that C is the total cost of inputs that a firm spends on the production process and the pollution treatment facilities. C is then a function of x, the total amount of a certain residual or pollutant such as chemical oxygen demand (COD). The firm discharges x to the environment and gets a penalty of F due to this discharge. F is also a function of x.
A firm minimizes the sum of total input costs (C) and total penalty (F) of pollution discharge (x):
(1) minimize C(x) + F(x).
To solve for the optimization problem, the first order condition is:
The first term in the first order condition (2) is the cost reduction of an extra unit of pollution discharge. Therefore, the marginal abatement cost (MAC) of x is,
The second term in the first order condition (2) is the marginal penalty of pollution discharge, which can also be defined as pollution discharge price P:
When F is a linear function of x, P is a constant. The first order condition (2) prescribes that a firm abates its pollution up to a point where the marginal abatement cost equals the marginal penalty of pollution discharge. From (2), one can solve for a pollution discharge demand function given discharge price P:
While the total penalty (F) of a pollution discharge x may include both a financial penalty, such as paying a discharge fee, and other damages to the firm, such as reputation damages with law suits, citizen complaints / demonstrations, and risk of being shut-down, etc., the pollution discharge price P also has two parts: one corresponding to the explicit financial charges (P1) and another corresponding to implicit damages to the firm (P2).
The marginal abatement cost function can be derived from equations from (2) to (5), as,
Therefore, a marginal abatement cost function (MAC) can be obtained by first estimating a pollution discharge demand function (x = f(P)) and then taking an inverse of the demand function.
In this study, a COD discharge demand function will be empirically estimated for Chinese industries which have to pay a price for COD discharges and are constantly under strong pressure from local communities for further pollution reduction. To estimate equation (5) Assume a simple functional form of COD discharge as follows:
where α is a parameter which is determined by plant characteristics (f) such as total value of output, sector, ownership, etc., and market prices (m). That is,
β is a parameter to be estimated, which is the price elasticity of pollution discharge. P is an aggregate price for the discharge of pollution COD. Price P is a function of variables for pollution regulation and community characteristics, i.e.,
P = P(r, c).
With further assumptions on the functional form of P, such as,
the relative contribution of different sets of variables to the variance of pollution discharge can be estimated by substituting (10) into (7).
In the Chinese case, which will be presented in the following, the formal regulation is a charge on pollution discharge, from which an explicit price, the effective charge rate or levy price, P1 can be observed. Equation (10) becomes,
The implicit pollution discharge price generated by community pressure, or non-levy price, P2, can then be estimated by subtracting P1 from P; i.e., (12) P2=P-P1.
In estimation, γ in equation (11) can be identified with an appropriate assumption such as the minimum implicit price P2 is zero in a society. In this case, estimated P2 would be a lower bound of the community pressure on pollution discharge.
IV. Data and Variables
A plant-level dataset of 1500 industrial firms in 1994, which was randomly selected from a nationwide random sample, was provided by China State Environmental Protection Administration for conducting analyses of economics of industrial pollution control in China. All plants were under close monitoring by state and local environmental authorities, and information about pollution and production was well documented. Among the 1500 firms, effective levy prices can be estimated for about 200 firms which discharged COD at a level above the COD discharge standards and paid discharge levies for the part of COD discharge above standards. City-level data about average wage, water pollution discharge concentration and population density in 1994 were collected from China urban statistical yearbooks. COD discharge are expected to be positive. State-owned plants are expected to be less efficient, so the impact on COD discharge is expected to be positive. Value of output measures the scale of a plant. COD discharge is expected to grow with output, and the effect on COD discharge is expected to be positive. However, the elasticity of pollution with respect to value of output is expected to be significantly less than one because of the scale economies.
For market input prices, the city-level average wage was available and can approximate for the manufacturing wage. As an input price, wage should have a positive impact on COD discharge.
However, wage is also a measure of wealth. Empirical studies on informal regulation have shown that wealth is positively correlated with the strength of informal regulation of pollution, and therefore wage can also have a negative effect on COD discharge. So, there is not a prior expectation of the sign of the variable wage. There is also a possibility that the wage is an endogenous variable because high income people may move away from pollution intensive areas. However, it is not expected to be a problem because population mobility was extremely low in China in 1994.
Input price information is also reflected in the model by a dummy variable "coast." In the coastal areas of China, materials price, capital price, energy price as well as manufacturing wage are all higher than in non-coastal areas. However, income, education and population density are also higher in the coastal areas, which are most important determinants of strength of informal regulation according to previous empirical studies (Pargal and Wheeler, 1996; Wang and Wheeler, 1996) .
Therefore the possible effect of the variable "coast" is ambiguous and it is an empirical issue.
Two more community variables in table 1 are population density and average water pollution discharge concentration. Both of the variables are expected to have negative effects on COD discharge. The higher the population density, the stronger the informal regulation of pollution. The worse the overall water pollution, the higher the demand of water pollution control, and therefore informal water pollution regulations should be stronger.
The explicit COD discharge price is defined as the total levy paid for the above-standard COD discharge divided by the total COD discharged at a concentration level above the standard. It is an observed marginal economic penalty of COD discharge. The impact of the levy price on total COD discharge is expected to be negative. There is a possibility that the levy price is endogenous in the COD model because there are cases observed in China where final levy collection is negotiated with the plants. However, this problem is not expected to be serious in this study because the selected plants were under close monitoring by state environmental authorities and it was not very likely for them to be able to bargain with environmental authorities to reduce levy payments.
V. Results

Discharge Function Estimation
An econometric model is estimated with the data described above. The COD levy price has a highly significant, negative impact on COD discharge. The elasticity is close to -1. Dummy variable "coast" is found to be significant and negative in the COD discharge equation. Due to multicollinearity between these community variables, other variables do not show significance. However, when these community variables are included in the model individually, they are all significantly negative, except variable log(wage). Since the primary purpose of this analysis is to estimate relative importance of community pressure with respect to formal pollution regulation, the insignificant community variables are included in the final analysis to enhance the robustness of the estimation.
Levy and Non-levy Price
The empirical model estimated in table 2 is based on the models previously presented in section III.
Specifically, the price function of (10) is specified in this study as,
Where P1 is the levy price; Q is the city-level COD discharge average concentration; D is population density; W is city-level average wage; and coast is a dummy variable of 1 for plants locating in coastal areas and 0 for locating in non-coastal areas. δ1, δ2, δ3, and δ4 are all positive parameters.
The parameter α in model (7) is specified as,
where variables W and coast reflect input prices for production and pollution abatement. θ1, θ2 and θ3 should be positive. The econometric model estimated in this study is as, (13) ln(x) = ln(α) + β ln(P) = (ln(α 0 )+β ln( γ)) + θ1 ln(Y) + θ4 State + ∑ ω Sector + β ln(P1)
where β should be negative.
Because of the dual roles of variable W and coast for input prices and community pressure, parameters associated with these two variables cannot be fully identified without further restrictions on the parameters. Because the purpose of this estimation is to assess how significant community pressure is on pollution control relative to the formal pollution regulation, an estimation of the lower bound of community pressure is sufficient for this exercise.
In order to get a lower bound of the estimation for community pressure, following restrictions are further imposed:
Restriction (a) underestimates δ3 and δ4, while restriction (b) imposes that the minimum of community pressure on pollution abatement be zero. With restrictions (a) and (b), all parameters in the model can be identified.
While assuming the minimum implicit price generated from market and community pressure on COD discharge in the sample is zero, γ is estimated to be about 2.7. The total COD discharge price P is then estimated for each plant. Subtracting levy price P1 from the total price P, the non-levy price P2 is then estimated. Table 3 provides the mean and the median estimation of levy, non-levy and total prices, as well as the ratio of P2 to P1.
The estimation results in table 3 reveal that the non-levy price is almost equal to the levy price in general. The levy price in the coastal areas is not significantly higher than in the interior regions, while the non-levy price in the coastal areas is 2-3 times of the non-levy price in the noncoastal areas. Therefore the total price is higher in the coastal areas. In coastal areas, non-levy price is higher than the levy price. No significant difference is found in the total prices between the state sector and non-state sector. However, in the non-state sector, the non-levy price is higher than the levy price. While no significant difference can be found between the levy price and the non-levy price with different industrial sectors and different scales of plants, paper industries are found to face the lowest total marginal penalty of COD discharge and large plants are paying less for one more unit of COD discharge.
No other formal regulation variable other than pollution levy is included in the model. For those plants in the sample which were paying fees for their violations of the COD discharge standards, it is not very likely that other formal policy instruments practiced in China would have systematic impacts on the variance of COD discharge. Nevertheless, missing these instruments in the model could cause an overestimation of the levy price if they are positively correlated with the levy price.
Marginal Abatement Cost
The scale parameter α in the discharge function (7) can be estimated as a function of value of output, state and sector when parameter γ is identified in the model (13) while restriction (a) is imposed.
Then marginal COD abatement cost can be estimated with the functional form,
With restriction (a), MAC is underestimated. Table 4 lists MAC estimates for plants with different scales, and different sectors and at different levels of percent COD reduction from current discharge levels. A plant at a medium level of output and COD discharge is selected from each plant category to do the simulation.
In table 4, the paper industry can be found to be an outlier, with highest COD discharges but lowest abatement costs at the current discharge level. While the marginal abatement cost with paper industries can be higher than other sectors when they are at same levels of COD discharges, currently it is clearly a correct strategy for China to focus more on paper industries in order to address the organic water pollution problem.
VI. Conclusion and Discussion
This paper analyzes the relative strength of informal regulation when formal regulation is present.
Using Chinese data on plant-level organic water pollution from those industrial plants violating discharging standards, the author estimated a pollution discharge demand model which includes variables for both formal and informal regulation. The sample selected includes those plants which discharge water pollution at a concentration level above the discharge standards set by environmental authorities and which pay the government fees for those above-standard discharges. An effective discharge price, the levy price, is then constructed and estimated for the model. Community variables such as average wage, pollution status, population density, etc., which are associated with informal regulation, are included in the model as well. The estimation results show that both formal regulation and community variables are significant determinants of the water pollution discharge behavior. The relative strength of informal regulation is the estimated with respect to formal regulation.
A conservative estimation of the strength of informal regulation show that it is at least as strong as formal regulation. The marginal financial penalty of pollution discharge estimated in this study is more or less reflecting the strength of formal regulation. However, the estimated non-levy price is a lower bound estimation of the implicit price generated from community pressure on pollution discharge. There are two reasons for it to be a lower bound. First, the market input price effect is embedded in the non-levy price estimation. Because the input price effect on pollution discharge is positive, the negative effect of non-levy price on pollution discharge should be smaller than the negative effect caused by the community pressure. Secondly, the minimum non-levy price is assumed to be zero while it should be positive given the fact that the pollution control effort is far from being satisfied by the citizens in China.
In the literature, there are only few econometric studies on determinants of pollution discharge at the plant level. Econometric estimation of pollution discharge demand with a well constructed discharge price is even more scarce. With a well documented plant-level data set from China, this is the first such study. Not only are the effects of a pollution charge system examined quite rigorously, possible impacts of community variables are also jointly assessed. The study shows that the Chinese pollution levy system has been quite effective in providing incentives at least for those industries which are violating water pollution discharge standards to control pollution.
The strong impacts of community variables on an industry's discharge performance in China, found in this study, may not stop functioning even when plants are in compliance with discharge standards. As long as a community is dissatisfied with its pollution situation, the pressure from the community would be expected to continue. This pressure can be either directly imposed on polluting plants, or indirectly via government pollution control authorities through "formal" channels such as the citizen pollution complaint program, found to affect regulators' efforts in monitoring and enforcement of regulatory programs such as the pollution charge system (see Wang & Wheeler 1996 & 1999 and Dasgupta et al. 2000 . A cost-effective strategy for promoting pollution regulation in China can be to provide pollution information services to communities, given the status of economic development in the communities.
The marginal cost estimation shows that the paper industries have highest COD discharges but lowest abatement costs at the current discharge level. While the marginal abatement cost with paper industries can be higher than other sectors when they are at the same levels of COD discharges, currently it is clearly a cost-effective strategy for China to focus more on paper industries' pollution abatement in order to address the industrial organic water pollution problem.. While they are close to those estimates with engineering approaches conducted in China, the results of this study could be the lower bounds of the true abatement costs due to that the input price effects are assumed to be zero in the estimations.
It is also worthwhile to point out that the estimated levy price is only about half of the estimated marginal abatement cost in this study. This should not be viewed as in conflict with the conclusion, which can also be drawn from this study, that the Chinese pollution levy instrument is an effective policy instrument. The reason is that there are other formal and informal regulations which are jointly with the pollution levy system providing incentives for industrial firms to abate pollution.
In practice, an effective levy price should always be lower than a firm's marginal abatement cost as 
